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PURPOSB 

The purpose o£ this contract is to conduct research on crossed- 

field amplifiers in accordance with Technical Guidelines MW-21, a copy 

of which is included in the first quarterly report. 

PUBLICATIONS. LBCTURES. REPORTS AHD OOHFBREHCES 

1. ■ Meeting at S-F-D laboratories to discuss contract» April 21, I96I. 

Mr. J. D'Andrea, I. Reingold, K. Garoff of the Signal Corps and J. Feinstein 

and H. L. McDowell of S-F-D laboratories were present. 

2. Classified conference on Super Power Tube Program at Lincoln Labora- 

tories, Massachusetts Institute of Technology, April 25 - 26, I96I. 

J. A. Saloom, J. Feinstein and H. L. McDowell of S-F-D laboratories 

attended. J. Feinstein presented a review of the S-F-D laboratories' 

program.- 
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ABSTRACT 

During this quart« constructton of the titat SFD-aOJ tub« 

h.. been co-pLted.    The tube 1. „«, being pu.nped.    Experiment, on 
the SFD.202 end SFD-^J heve .hew» that fr.^ency r..Pon.e. flat over 
8 - IS* bandwidth can be obeelned vlth constant anode voltage. 
Experiments on a emoeth bore Cube have ehowa that the frequencies of 
the space charge mode ar« largely determined by a coaaial line 

resonance of the .te«.    Experiment, ea the SFD.202 have shown that 

control electrode turn-off can be accomplished with a geometry which 

Is compatible with our usual technique,  for debunching spokes in the 
drift region. 

Ü 
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1.0 iNTRODUCflOM 

During this quarter, the SFD-20?. SPD-203. SPD-?05 and SFD-50T 

program, have all been carried forvard. A complete SFD-203 tube has been 

constructed, cold teeted and la presently being pumped. lesce on the 

SFD-205 have yielded proorfslng result«. In one experiment we obtained 

16 db of gsla with 100 lev output and 13 db of gain with TOO kw output.  . 

In another experiment we obtained about 13 ♦ 0.75 db gain at about 

300 kw output over the 8.5 to 9,6 kMc band with efficiencies as high as 

59^. Tests en the SFD-JOT have not been as successful. We have obtained 

about 150 kw output with 8 db of gain and &$  efficiency. W« are 

presently trying to understand the reasons for the differences In per- 

formance of these two tubes. 

As part of the SFD-202 program, ve have made further experiments 

with a smooth-bore tube. These experiments have shown clearly that the 

smooth-bore mode frequencies are tied to resonances of the interaction 

space and specifically, that the frequencies observed in the 2 kMc range 

are related to a TEM mode In which the stem Is resonating in a \/k mode. 

Experiments arc now being prepared to Investigate the effect of damping 

these modes. 

On the SFD-?0J itself, we have carried further the experiments 

on turn-off using a control electrode and have demonstrated such turn-off 

in a configuration more practical than the one discussed in the last 

quarterly report.  Several experiments on controlling the space charge 

mode were tried with negative results. 

Off and on, we have been troubled with multipactor effect« in 

our tubes.  Some attention was given Co this problem during the past 

quarter. At least a partial understanding of the effect was obtain^. 

It appears that multlpaetorlng along a vane surface under the influence 

of crossed RF electric and dc magnetic fields is the major source of 

our trouble. 
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Problem wltb out becyllltna copper eethoiet have begun to 

aliow up at X«band • tb« main fymptom being deactlvatlon of the cathodes 
öfter ore» have been drawn.    After such deactivation, v« run into the 

aaximuia current boundary pbenomenoa described by Jepsen and Müller. 

It appear« that a tub« operate» «atlefactorlly a» long aa the maximum 
current boundary has not been exceeded and the tuba la space charge 

limited.    If ve try to draw currents greater than this» the tube ceaaee 
to operate and the current drops to a low value.    Thus, these tubes 

will apparently not operate at all under emission limited conditions. 
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^.0   THB SPD»aM FROGRittf 

lh« Urtt eoopltte 8ro*203 tube v«t eenatrueted during this 
quattor.   It ts pKMcntlj bttiat puaped «nd prepared for UF test.   Pisnre 
I show« e photograph ef thle tube.   A eathode height of 0.850 Inch is 
employed rather than the 0.k to 0.5 called for in the Initial design 

to lower the current dxawa to vlthln the capabilities of our hard tube 
modulator.   A control electrode will be tried in thia tube and, if 

successful, the next experiment will be performed «sing the full height 

cathode and a dc power supply.    Ho attenuation Is incorporated in this 
first tube. 

Cold teats on thle tube showed an insertion loss of about 
3 db with some additional dips  to h to $ db loss.    These dips ate most 

likely due to resonaoees of the Urge can «tructure in which the circuit 
Is mounted.    W« decided CO temporarily bypass this problem since there 

are frequencies vlthln the band at which the tube can be aatlsfaceorlly 
tested.    Tn this manner, we can get hot test data most quickly and, 

thereby, eee If any major problems she* up.    Figure 2 ahowe results 
of the cold test measurements. 

We can make a quick calculation to see how reasonable the 
5 db insertion loss is compared to an ideal figure for an array of 
half-wave wires.     Prom Fierce    w« find 

c - 27-3 (AA/MTT1) (c/v ) W 

where R m the surface resistivity af the circuit material 

VP/* ■ 377 ohms, the intrinsic resistance of space 
C ■ the velocity of light 

V    • the group velocity of the circuit 

K * the number of wavelengths along the circuit. 
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HGURE l • FHOTOGIAPH OF fHI 8FD.203 
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Uking th« lyaditmmw votttgt as 3 Vr» tli« nelo r /V • 0.5, 
«nd H « JO vavelengdw, «« find for « eeppw eiroult «Hewing*« fretor 
of 1.? ia & for sarfac« roeghnes« 

Ot « 1.0 db 

The dlsereptney betwiM Chi« ideal rain» mni tU 3 db «easuvad 
la accounted for by the ilatto oie« of the bass, loso to tba C« coupler« 
which is not included in ch« above ealeolatien and loaa in the Input and 
output elrcnles.   We eaclmato that with ear« ch«i« totao» night b« 
reduced until we have • total eircalt lots of about 2 db. 

? 
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^.0    SMOOTH BORE EXPERIMEtoTfl 

3«t   .Small  Dtametef SmootffBofe Tab» 

It vill bt remembered fro« oor third quarterly report that a 
rather confusing pietur« wa« «nerging with regard to the frequencies at 
which emooch-bore modes oeetirred.    Much of the energy appeared to be 

centered around ? kMc and was not changed fro« this location when varying 
the anode-to-eathodc «pacing.    Soaetime« tunable oscillations were 

encounteredi sometimes the oeclllatione appeared to atiek at certain 

frequencies.    When the eame demountable smooth-bore tube was put 

together with a 0.910 diameter cathode en two aeparate occasions, 
different results were obtained. 

During the past quarter an experiment vas performed which has 
«hed considerable light On this situation.    In this experiment, an 

insert vas placed within the anode of the snooth-bore tube to reduce 
the anode diameter to 0.1*00.   An 0.250 dlanecer cathode was used, thus 

maintaining the anode-co-cathode spacing about the seae as in our 

original experiments.   The purpoae of this experiment was to see if 
the frequency of the tpsee charge nodes sealed up in proportion to the 

anode size reduction.   With the new small cathode geometry, there vas 

no longer room for a hot button in the cathode.   We had previously 

ascertained, however, that the smooth-bore tube could be started by 
applying an input pulse of several kilowatts to one of the coaxial 

probes.    Wa thus decided to use this method of starting.    The coaxial 

probes themselves had to be redesigned to a smaller sire to fit In the 
new geometry.   Thus, the whole geometry of the tube vas essentially 
changed. 

When this tube vas tested, two interesting features appeared. 
One of thsse vas the maximum current boundary phenomenon; the other was 
the fact that the space charge mode frequencies had remained at 2 kMc la 

«pite of all our changes.   The maximum current boundary phenomenon le 

illustrated la Flgvxo 3 Vhera ve show curgeng mt a funetlea of the sagla 

S 



10 

9 

8 

« 

g.  6 

i5 

I 

Aaode-eatftodt fpaeing ■ 0*075 
Cathod« h«t|ht - 0.150 

Anodt bar - 0.^00 

•2     .4       .6 

£0 kv 

xlntt» currant 
bouad«xy 

BA CO 

riCURS 3 - CURRENT AS A FUNCTION 07 tHl lARO OF MAGNBtlC F1£U>. 
B, TO THE CUT OFF VALUE OF IZBLD, »    , FOB PIFFERQIX 
ANODS VDUdGSS ** 



8\F'D laboTatories, inc> 

of th« wtMCle fltld to th« mt-off tUU,   The eurrent toereasts «f 
fl«ld 1« d«er«it«d imtil a tharp boundary is reached aad the current 

drops to s«ro.   V« found that th« location of this boundary «as insensi- 
tive to the Input power used to trigger tba space charge mode over a 

five-to-on« range froa siniaum power vhieh would trigger the tube to 

the maximum available.    This Indicates that the. boundary is not related 

to the starting process.    (The current drawn in this experimtnt was 
measursd after tsnination of the input AT trigger pulse) 

The area of the cathode In this experiment is 0.275 times the 
area used in th« previous saooth bors experiments.   Th« eurrent for « 
given B/Bco is however auch larger than 0.275 of that drawn from the 

larger diameter smooth-bore tub«.   This is shown in Figure k where the 
results for the small diameter tubs are compared with thos« for th« 

larg« diaaater tub« as taken from Figur« 11 of th« third quarterly report. 

It would appear that th« grester curvature of the small tub« has eohaoeed 

th« space charge node rather than reduced it as we once suspected.    It 

will also be noted fro« Figure k that the maximum eurrent drawn from 

large «ad smell diameter tubes Is about the same.    This must be in part 

a siattar of coincidence because in the large diameter tube cut-off is 
reached before we reach a maximum current boundary; whereas in the 

small diameter tube, a clearly defined maximum current boundary is found 

for fields higher than cut-off.    Thus in ths Isrge diameter tube, the 

current is limited by electronic effects whils in the «mall diameter tube 

it is epparently limited by the naxlmua current the cathode is capable of 

delivering.   The reason for these differences in performance of large 
and small diameter tubes is net presently understood. 

Figur« 5 shows th« spectra of ths smooth-bore oscillations 

as obtained from the small diameter tub« under several different operating 
conditions.    As may be seen, ther« are a group of frequencies near 2 VMc 

end another near 5 kMc.    Th« 2 Ufc oscillations would not tun«, but thos« 

«4 $ IMe would tune with magnetic fistd over « narrow range.    Th« tub« 

«at Mat cold Cheeked for traasitisalon hecvsan the ewe coaxial prob««. 

19 
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A group of rosooanoM «a« dotaetod la tha 2 to It ktfe range though no 
rasoBaaoeo «ara found n«ar 5 kMe.   It tin» aaaa« ostreaaly likely that 
tha tnooth-bora soda fraqpeaciaa • at least tttosa batvaen 2 and 3 kMc « 
ara tlad to circuit resoaaneea.   It ia likely that those near 5 ^e 
ara also tied to a resonance but that va missad the reaonaneo on cold 
test.   Va tentatively advance the conclusion that the epace charge 
mode phenomenon ia en extrsmaly broedbaad one and that the enact fre- 
quency that it picks to operate ie detcrnlaad by whatever raeonancee 
nay be present.   This conclusion ie further Justified by the obeervetion 
that tuning the output line through «hieb theae aodee era obeerved aleo 
causes shifts in their frequeneice.   A lower limit to the frequencies 
permitted ie obtained when the «eile of the interaction apeee ehert out 
the RP fields of the space charge »ode between regione of electron 
bunching and regione of electron deficiency.   In our case thie appeare 
to be about 1 bMe.   An upper boundary to the pemitted frequencies 
appears to be the cyclotron frequency. 

Zt vae next noted thet the frequency of 2 bMc correapondad 
roughly to that at which the ceebode eteai vae a quarter wavelength long. 
Further experiments did indeed ehow that the observed reeoneneee ere 
TEM modes In which the stem acca aa a quarter wave ceasiel reeonator. 
Such resonances ware observed on a atea assembly clone removed from the 

tube. 
The next ohvloiie atep ie to find out «hat happens «hen the 

resonances of the interaction spaco are damped out. It ie our suspicion 

that the epace charge node «ill continue to draw current but that it will 

generate a broad speetrta of noise. To check this, ve ere now constructing 

a smooth bore experiment in which n Carbon loaded ceramic absorber ia 

used ae the enode. Tble will be done using the Isrge emooth boxe geometry. 

The dc resistance of the absorber ie low enough so that there «ill be only 

a few hundred volte drop between ite face «Hera the aleetron» era collected 

•ad tha «atal auvfaaa aa «hich is state« 
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3-9   Eleetrenle pafn^n SjBttgtlttSgSfi ^^ 

During some experiment» on tbt «Candard size »mooth-bore tube 
(1*070 inch dlaacter anode, 0.910 Inch diameter cathode), it vat observed 
that not only will an KF glgnal trigger the smooth bore on with the 

cathode running completely cold (hot button turned off) but that this 

signal will experience electronic gain; I.e.» the coupling loss between 

probes Is reduced,    »et gain batusen probes was never obtained but the 

coupling loss «as decreased by a factor of 10 db.    The amount of 
electronic gain was greatest when the polarity of the magnetic field 

was such that the electrons traveled the short distance between probes • 

see Figure 6A.    As magnetic field vat varied, there vero a aeries of 

variations In gain and a greater number of variations in starting tim« 
delay. 

It would appear that the electronic gain is a croeaed*field 

Llyacron like effect since the gain la greatest for the shortest ptth 

length of the electrons between probca.   Apparently, the alectrooa bacons 
velocity modulated under the input probe and this velocity modulation la 

converted either to ditplacement or density modulation under the output 

probe.    As the magnetic field is changed, the cptimua drift length 

changes.    This .may account for the power output variations«    If the 

electrons have to go the long way around tba tube between input and 

output probes, the modulation avidentally decays and tha electronic gain 

is less.    If on tha otter hand tha gain nachanlsa were a diocotroa like 

mechanism such ss wa suspect for the apace charge node, va would expect 
that the gain would ba higher tha long way around the tuba if there ware 

any difference at all«   Thus the effect we aae is not likely to ba e 

diocotron effect and nay ba unrelated to the space charge siode phenomenon. 

Starting time delay in this experiment may have to do with the 
phase at which electrons return under tha input probe after e aiagle 

transit around the tube.   The number of ninima in starting tine delay eg 

• function of »sgneUc field epfcars to be «bout foot tlate «IM watav «f 

ft 
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Vtggles in the eleetvenle g«la atwt« lbo# It votiU appear llleely 

that tU «tatting time deUy vaviatlottt ar« reUted to transit tin« 

All the way around the tube while variation« In electronic gain are 

related to transit time betveea probest I.e., e quarter o£ the «ay 

around the tube. 

3*3 Praacnt Viey eg gDafa Charta Mo^ 

Za enr aeeond quarterly report, we started a« aaalysii of the 

•aooch Brlllouia hub in a eressed-fleld tube with e eontinueutly 

«Uting cathode. Ihle analysie ie essentially BuMBann's2. It shows 

that there may be a mechanisa for hub instability where o > o> but 
0       * 

experimentally we do not observe thte end en < o for all our space charge 

modes. In the region of «<©c we fled ea Inverted reactance characteciatlc 

looking into the electron cloud. If thte is leaded with a positive con- 

ductance, hub surface instabilities cea occur. With perfectly conducting 

walla, the hub should be stable. la the second quarterly report we 

«peculated that the finite conductivity of the walle might give rise to 

a slight net gain end if the hub went «round the tub« enough times, this 

small gain over « long distance night be enough to account for the hub 

break up. 

During the third quarter an esperiment was performed which 

appears to show this explanation to be incorrect. As described in Section 

^•3 of the third quarterly report, an experiment was conducted la which 

the re-euttaoey of the electrons was elimlnaeed by a collector in the 

drift apace of e tube and electrons were started off near the input frw 

a hot cathode button. This tuba drew current as a result of a space 

charge mode thus indicating that the gain mechanism of this node is high 

enough for the mode to build up to appreciable amplitudes for a «Ingle 

transit of the electrons around the hub. Thus, it appears that we have 

to look for a higher gain effect than any we can derive from e Brlllouia 

hub. Such e gala effect can be postulated If we look eg the «trlcteg 

solution« for th« huh apace «berg« «• 4«aerlbed <•? example in Statci^« 

X« 
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Xn tuefi •elvttoa« tU tpaet ehaxte 41ttri1mtioa «nd electron mjectorle« 

*PP«it a« alcetched U Vigor« 6B. Th« outer rim of «pece eUrg« In thl. 

•olutloo begin, to look « bit lib« the «trip bee» in .n Injeeted be» 

ceesaed-flel« tube. Zt It tb»« quit« poetibl« tUt the outer rla can 

•upport waves on botb It« top «nd bofetoa «wfae« and tbat theee ean 

couple giving rise to dloeetron gain. Another wy of «eying this la 

that th^ rim my b« «natabl« «1th respeet to bowing along the direction 

of travel whereat tb« Brillout« hub is not. Thus it may »ell be an 

Instability of the etvUted «olutien that glwe« rise to the space charge 

mode »ether than an instability of the lowest order or Brlllouin solution 

o£ the hub. At present thie looks to us like the most reasonable 

explanation for the space charge aiode. 

11 
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1.0 TOI sf p«gegi asguil 

In thm last «saxtwly r«fort «• tttcutf«d « nathod of turning 

off a ero»ted«£t«ld «mpUflar hj pulsiag A «tfaenC of th« cathode ppsl» 

tiva with respect to eh« main eathede. Tbli tagmeat then collected 

the circulating current and caused tunk*off. The tagment used in this 

case constituted one-thlxd of the cathode ciieumferenca. Outing the 

past quarter» we have performed further experfaeste on control electrodes 

In an attempt to get a configuration that vould fit «holly within the 

drift space. 

The first experiment tried used e control electrode configuration 

as ahown In Figure 7A, With a de voltage of 1$ lev, a 3 ky pulse positive 

with respect to the cathode gave turn-off. With less than *  3 kv pulse, 

turn-off was not obtained. There was a sharp dtmarcation between the 

pulse voltage required for turn-off and that which would act give turn-off. 

Thus, the mu for this configuration is 5» 

In the second experiment we used the configuration shown in 

Figure 7B. This configuration combines the control electrode with our 

normal drift section geometry. We were not eble to get a complete test 

of this configuration because the tuba was damaged by an arc drawn fron 

end hat to pole piece. Before arcing the tube was operating satisfactorily 

with a U.5 kv control electrode pulse. ° Ko attempt had been made up to 

this time to lower the control electrode voltage below fc.J kv. Ve are 

presently preparing to repeat this experiment with increased end hat to 

pole piece spacing to reduce arcing. 

U,2   Complete Interruption of the Drift Space 

In Section k.3 of the last quarterly report vc discussed an 

experiment in which the drift space was completely interrupted and a hot 

cathode button was used near the input. This tube operated in « space 

charge mode lo spit» of the interruption of the electronic feedback. 

19 
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During Che past quarter we repeated tilts experlaene vittl a« absorber 

mounted directly on the top of the vanes of the circuit.    The purpose of 

thia experiment was to see t£ «e could damp out the space charge mode 

by eliminating Its means of feedback,helleved to be fast RP wave In this 

case.    Experimentally, we found the space charge mode unaffected by this 

absorber«    We know now as % result of the experiments on the smooth-bore 

tube discussed above, that a major source of feedback may be a TEM mode 

resonance near 2 kMc,    This mode would not have been much affected by 

the absorber on the vanes« 

U.3    Experiments .on. Grid Vires, in, the Drift Space 

Several experiments were tried with grid wires mounted cireum- 

ferentlaliy in the drift  space as sketched in Figure 8.    These wires 

were mounted on a support separate from the cathode so that they would 

be biased positive with respect to the cathode.    It was intended that 

the wires be  located just outside the hub and operate at the normal hub 

surface potential.    It was thought  that the wires might short out the 

RF field of the space charge mode in the drift space and thereby prevent 

its operation. 

The inclusion of this grid was a difficult mechanical problem 

and several false starts were made before a successful test was made. 

The results were that the grid does not reduce the space charge mode and 

that it is difficult to avoid intercepting a large current on the grid 

thereby lowering efficiency.    This  type of grid appear« to be an 

unpromising approach for control of space charge modes and experiments 

on it will not be carried further« 

k,k    Quadded^ Anode Tube 

A tube was constructed and tested having an anode in which the 

sise of the slots between vane resonators and serpentine line were varied 

In groups of four from %$ mils to 25 mils;  l.e«, the first four slots of 

the circuit would he ^5 nil» wide, the next £ou(C 25 mil» wid«, «to.    This 
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technique ta known as quaddlng.    In coaxial magnetron« It has been a 

ftXOng tool In eliminating moding.    In Our ease ve believed that a 

potalbtlity existed ot reducing the •purlout molie near the n mode by 

qaadding.    Test» showed however that the quadding ha4 practically no 

ettect on performance« 

t.S    Bxperimeofc« an Le^kagg (^rrent; 

to determine how much leakage current was drawn from the 

interaetion space to the pole piece,, we constructed a cover for our 

demountable SFD-202 tubes having the pole face insulated from ground 

by a thin ceramic wafer.    A separate lead was brought out from this 

insulated pole face so that we could monitor the leakage current.    The 

effect of insertion of the insulating wafer on magnetic field was 

checked and found to be negligible« 

This cover with insulated pole face was used to check leakage 

current  in two separate experiments on the SFD-202.     tn both cases,  the 

measured leakage current was  found to be very low • amounting to no 

more than 2-1/2$ of ehe total current at  low magnetic  fields and no more 

than 1$ at normal operating field.    Assuming that an equal leakage current 

was drawn to the lower pole piece« the total leakage current amounts to 

2 to 3<f) of the cathode current*    This means  that essentially all the 

cathode current goes  directly across to the anode even when the magnetic 

field is low enough so that the hub surface extends beyond the end hat 

radius.    Prior to this experiment the possibility seemed to exist that 

some Of the large current drawn et igv ratios of B to B     was leakage 

to the pole pieces.    This experiment shows that leakage effects are 

negligible. 

U.6    Frequencv_Respojisiei_ofrithe_ SFD-202 

The frequency response of the SFD-202 was measured with a 

constant 3 kw input drive at tHre« different value« of magnetic field. 

figure 9 shows the results.   At high magnetic fields the output slopes 

«pwssd tnward fte lot««r irefoeacles«   ft« elope oC tb» «urvt repr«s«mts 

n 
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a compremt«« betw«ea two effects • rt« WgnituU of eh« field «t the hub 

surface end cbe ratio Of «node voltage to the Hartree voltage*    At low 

freqaencte», «he rate of decay of the Rr fields away fro* the circuit te 
less vapid end the R? field at the hub mrfeee it strenge« then at high 

frequencies.    This tende to nalce the tub« dtav a higher current and 

causes the gala to be higher at the low frequency end of the band.   Oo 

the other hand for fteed voltage and tnagnetle field, the percentage 
over-voltage is larger et »he tipper end of the band as nay be seen from 

the sketch of Figure 10.    By proper choice of magnedc field for « given 

voltage (or vice versa) these two effects can be made «0 balance end the 
average slope removed fro« the frequency response curve. 

The wiggle» In the curve of Figure 9 are believed to be 

related to circuit reflections.    This curve covers a renge over which 

the feedback caused hy electrons not being completely debunched In the 
drift space would alternate several times  from positive to negative. 

The absence of such periodicity In the frequency response Indicates that 
such feedback is small. 

25 
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5.0    THE X-BAND PROGRAM 

5.1   The SFD'gQ^ 

The SFr-£05 is an X-band serpentine line tube similar in 

principle to the SFD-fO?.    It Is a higher power tube than the SFD-202 

and operates at a higher synchronous voltage thus making the spaclngs 

in the serpentine line greater than In the SFD-202.    We consider the 

design of the SFD-205 «o be a "practical one" whereas we do not so 

consider the SFD-202 design.     From tests on this tube we expect to get 

a clearer understanding of the operation of a forward wave crossed- 

field amplifier at tM« moderate gain (l? db) level.    This will assist 

us  later in Interpreting results on the higher gain SFD-203. 

The  first extensive testing of the SFD-205 has been conducted 

during this quarter.    One major problem has  shown up -  the beryllium 

copper cathodes  tend to deactivate after arcing has occurred in the 

tube.    This problem will be discussed further In the section on cathodes. 

A second problem has been a  tendency to multipactor.    This problem is 

also discussed below.    In spite of these difficulties some very interesting 

results have been obtained.     Figure 11 shows a scatter of points  taken at 

different magnetic fields and voltages  on a plot of power output as a 

function of power Input.    It  is seen that gains afl high as 17 db and 

power output» 48 high as 700 kw were obtained.    These results were 

obtained In an early test in which the anode was loaded heavily by an 

absorber so that transmission was obtained only over a narrow bandwidth, 

Thl* vas neeessaty because the end slots of the circuit were radiating 

giving rise to « very ragged bandpass characteristic unless the absorber 

was used. 

In subsequent cold tests the radiation problem was cured by 

putting short« part vay up the first and last slots.    The bandpaae 

characteristic then looked relatively good over the 8.5 to 9.5 VMc hand. 

k hot test perlomed en thie tnbe gave the tesult« shown In 

Fig«»« I».    A relett^elf fl»t  «irve wa» ohgateed vltb 12 t* 13 dh of gain. 
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iICURE 11 - POWER OUTPUt AS A FUNCTION 0? fOWEE INPUT FOR TRB 
SFD-205.    DIAGRAM SHOWING A SCATTER OF POINTS 
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WfletenQle» v«i>« quit, good and «re ftatlced aUngsUe the aeasured polot«. 

Xt is believed that with further effort, this gala can be raised to 15 db 
with comparable flatnese. 

Another gratifying result obtained with ths SFD-SOJ is that the 
noise perfonnanee It »uch better than that of the STJhS02.   With Inputs 

as lew as 10 kw the slgnal-to-spurious ratio appears to bo greater than 
30 db. 

Aus, In spite of our problems, ther« are indleations that the 

SFO-fiOJ it capable of performing considerably better than the ST1h202, 

5.2 The SFD-gOT 

la the SFD-SOT progra«, ve have experienced the same prob laus 

with cathodes and tniltipaetorlng as in the SFD-a05. These problem« havt 

prevented us from obtelnlng any estensive data on the tube, fhe dace ve 

have obtained Indicate the tube ha« lo» gain - lower than «e should 

expect from experience with e similar tube with fevex sections on a 

previous program. These results were presented on a ? - Z plot with 

power outputs and efficiencies marked alongside the ctpeclnantal points. 

Gains in the 8 to 9 db range were obtained. We feel that there sap be 

something wrong with this tube other than Just cathode end ■ulclpseter 

troubles which explain its relatively poor performance. 

As with the SFD-205, the signal-to-nolae performance of the 

SFÖ-207 i« «uch better than that of the SFD-a02. 
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► 

6,0    MOLTIPACTOR EFFECTS 

Attenuation of high power signals passed through our tube« If 

multlpactor effects has been a continuing source of difficulty«    These 
effects are particularly severe after a demountable tube ha« been 

operated, opened and rebuilt several times.    Evldentally oxldatiea Of 

the copper surfaces increases secondary emission ratio and eahaoees 

auteipactor Operation.   When tube bodies which have been giving naltlpactor 

era passed through a hydrogen furnace the muttipactoring is often completely 
ellmlsated for « while or at  least much reduced. 

The appearance of an RP pulse undergoing multlpactor attcnoatioa 
i« sketched in Figure l^A,    There is an initial spike of Sv^amnlsslon 

after which the pvlse "collapses'*.   Ihis effect can be observed with no 

voltage applied to the cathode and Is not greatly affected when voltage 

is applied.   A typical curve giving attenuation introduced by cmltl* 

paetoricg as a funetioa of magnetic field Is shown in Figure I3B.   At 
high magnetic fields there ie no multlpactoring.   This indicates that the 

multlpactor effect must be across magnetic field line« siaee multlpactoricg   ' 

parallel to the magnetic field would not be eliminated by high field.   On 
the other hand nultipactor discharges between vane tips or between vane 

tips and cathode should not occur at the power levels employed (for magnetic 

fields of »ore then a few hundred gauss) because these discharges would be 

"cut-off" by the magnetic field turning the electron trajectories Just as 
it does In normal cressed-field interaction.   Further it would not be 

expected that such multlpactor discharges would show siaslma as • function 
of magnetic field as are observed.   In some experiments» the cathode va« 

completely removed fron the tube and multlpacfcoring eontisned.   Thus v« 

must look further for the cause of our multlpactor. 

A likely source for this multlpactor effect ie sketched la 

figure 1^.   Ilectrons multlpactor along the surfaces of the vanes being 

turned by the magnetic field so that they return to the vena from «btcH 

they «tarted*   A cectitiuotfs sewett of eleectott sg «I» otsstUg fOta» off 

•3* 
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the tnultlpaetoT I« provided either If eleetron» delivered by the multl» 
peetor di«charse going la the eppoeite dlreeelon oo the opposite vane os 

by eleetroM driCting hack mldw&y between vanes under the influence of 

epaee charge foteea. It should he remembered that a comparatively small 

percentage feedback will be requited to keep an effect of thle nature 

going for even e noderate number of multiplication steps« There «re 

also probably ease electrons vhich remain in th« space between BX pulses 
and esaiat in getting the diach >:ge initiated in each RF pulse. This 

may be deduced fron the fact chat when Rf input la first applied there 

is usually a delay of several seconds before the discharge will start« 

Once «tatted» however» the atultipactor occurs on every pulse end the 

starting time is measured in ttiexoseconda« 

It will be noted that th« mechanism postulated hex« la one 

that will be aenslclv« to magnetic field« It will give a maximum 

attenuation when the time required for an electron starting from the 

vane «urfaee to return to the surface is just one RF cycle. We can 

aet up the force equation« and solve for this condition to see if it 

correspond« with the observed attenuation maxim«« We can thus write, 

using the coordinate system of Figure It 

B ^ « e E sin cot • e B 1 (1) 

a i - e B ^ ^ 

«here e and ■ are th« charge and maae of the electron, B is the magnetic 
field, S ie the peak SF field, o> 1« the RF radian frequency and the 

dots indicate differentiation with respect to time. 
Integrating (3), applying the boundary condition that at y = 0, 

i * f u 0 end «uhstltutlng into (1), ve find that 

> ♦ »e
9 y • « E tl« ttt (3) 

9» 
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Solving tills equatiea vlth th« boundary conditions that exist 

when t •» 0» (hen y • *»^»i»0we find 

\B " •  0) X   * C / 
(M 

.. (     ;B      0V-f  CO.   0)      t   - ^   COS   03^ ♦   -^"S (5) 
BJ       ". 0) C C e 

2        2 A special situation is encountered when tt> = cu .    Then cu      -co    =0, and 

(•in tit " oyS». si" O3    t) H 0 and the expression becomes  Indetermlnant« 

To evaluate it at to « w., we %nrlt 
c 

A"*«»^),    By this process ve find 

To evaluate it at to * ai. we write oa = cu    - A and take the limit as 
6 C 

y » -~:      (sin ü>   t - <u    t cos ca    t) (6) 

z « -^—z      (  1 • cos «at-«)   t sin a»   t) (?) ~    d c c c 
2u) 

c 

The condition for a multlpactor resonance is  that y return to zero when 

a>t * 2«,    Applying this in (4), we  find that  this occurs  for 

-^ = |       where c = l# 3, 4, 5.  etc.    • 

i.e.» all Integers  except*2.    Equation f6)  shows that when n » £ (os^ • ^)k 

ehe resonance condition is not satisfied.    Therefore« the analyst» predicts 

3$ 
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resonance» vhtn the nagnetie field U l/g/ 3/2, k/29 ate, of tlte cyclo- 

eron resonane« field. Actually we obtain only ewe vasdtoa of «etexmacion 

«a abown In Figure I3B, The nagnetie field at these attenuation »axlma 

are, however, very close to the predicted value« as shown in Figure 15, 

«here we plot magnetic field for maximum attenuation aa a function of 

frequency. The higher n node attenuatlona nay in principle eriat but 

nay never get atarted. 

We can find the striking energy frca 

f ■ [""^T1—p) («o» out - cos o>c t) (8) 

When «ot 2« and cue « 1.5 w, this gives 

*-1.2| 

using an estimated value of E for our SFD-20P circuit vith an Input power 
of 1 lew, ve estimate the striking energy to be of the order of 30 to 50 

volte.    This would not be enough to get the secondary emission ratio 
greater than unity when the surface la clean copper.     It may, however, 

be adequate If the surface la covered by an oxide layer.    Ihla result 

thus also correspond« to our experience that clean tubea do not cnilti* 

pactor.    The evidence aeema pretty strong that the effect postulated is 
the one we are observing • at least at high nagnetie fields where the 
Bultlpactor is of importance. 

At sero or at low nagnetie field, there may be nultlpactors 
between vane tips ot between vanea and cathode.   If the tube is allowed 

to nultipactor. at zero field, aa electron current of the order of a few 

tens of mlcroaaperes is drawn to the cathode and to the insulated pole 

piece*   Whether thla la evidence of a nultipactor between these olccttodeo 

•ad vaaM or vhtthar «best ar« |u»t «tray «leetrons to net known.   4» 

;:..',. :^i^^^^&^s^mss^^&sism2m^i^^^ 
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VasBetl« field Is Inert«««!, tbes« curttßt» go thMugh several naxima 

and «inlint aa4 tbeu disappear.    At high »agnetic fields near the 

Operating values for the tube, no current« are drawn by the multlpactor 
effect. 
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7.0 SLOW-WAVE CTRCUIT S||IDIES 

Experiments were made Airing the last quarter to see if Che 

C.. couplers could bo lifted off the bars of the circuit of a Cube 

such as the SFD-203 and connected to the back wall. For this purpose 

an experiment was sad« iioing «n array of bars with projections from a 

back wall coupling capaeltivoly to the bars. There were two row« of 

such projections« On« row coupled to every alternate bar and the ether 

row coupled Co those ban not coupled to the first row in a aaober 

analogous to how ve nako rows Of C._ cauplers in Che SFD-203. 

Results of cold tests on this circuit showed that it eperetOO 

quite differently froa a notaal C  circuit. Eridantclly propagation 

occure at low phase shift per tectioD and the circuit ie not »aterielly 

different from a Karp circvit. for our purposee thio r«Mvea it fxon 

the area of latereet. 



S'JWj)   laboratories, inc. 

6.0    CATHQDl SfllDHS 

Am mentioned in connection with «ur X-hmS «tadle«, we found 

that hezylltun copper cathodes wlil deaetlvat« when «relng takes place 

In a tub«. After arcing considerably lea» cttrrent can ba drawn tbaa 

before arcing. The deactlvation show« «p «t th« appearaaca of a 

maxlmua current boundary phanoneneo. Ihl« Is ahown by Figur« 16 vhieh 

la a plot of anode current a« a Cimetloa of tha ratio of stagcietle field 

to th« cut-off aagnetlc field for a tuba In which deaetlvatloo has 

occurred. Aa aagnetlc field Is lowered tha current Increases until a 

naxinua waive of about 1? peak amperes is reached. Zhe current then 

auddenly drops to a tow value. Thus, a horizontal line at 13 amps 

rcpreaeata a ■azlmuia curreat boundary. It Is to be oeted that the 

shape of thia boundary it such different than that rtova in Figure 3 

for a aoall diameter amooth-bora tob«. 

Prior to deacclvatlea, thia cathode could draw a coaaiderably 

Urgar curreat. This la indicated by the dotted lines in Figure 16. 
At ^co *' l•l^» ««uwaat of 70 anpa wa» obtained. The appearance of 

a maxioum current boundary doe« not affect the current drawn if thia 

current ia noderately lese than the boundary value. Za euch a range, 

the tube is operating apace charge limited and operatloa is net affected 

by cathode properties. Vhea the boundary la reached, the tube trie» to 

draw mov current than the cathode can »upply. Vhat possibly happens 

to that the bub apace cbarg« 1« rapidly deercaaed and cathode back beobard- 

m«nt is reduced until it can no longer aupply the current called for. 

Thia reduction la back bombartaent would cecount for the current dropping 

to a low waluo rather than just limiting at the aiaxlmum value. 

A very similar deactlvation to that depicted la Figure 16 for 

the SFD-aoS hat alto been observed in tha SPD-SOT and on rar« occasioat 

ia the 8FD-S02. 

One cure for thia difficulty Is to uae »pacings largo aaougli 

«• that ttei^i do«« Mfc «ecus» Shi« »ay, houitre« fee «lifflculh «e JT-banf 
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•o that another cure must b« looked for»   A tffcety potsibllity it tto 
tia« of an osldo Impregnated niekal vatrix cathode as is «sed in 

magnetrons.    Such cathodes appear to ba iesa «ensitive to deactivatioo 

oansed by arcing.   For uae in a tube operating from a de voltage auch 
a cathode «mat be kept cool so that tharo Is a» primary «aiasion vhlch 

could cause noise or sporioua tura-oa in the iatcrpulse period,   fioch 
en oxide cathode has been tried recently in en SFD-SOS tube.    Zhe cathode 

vas constructed on a solid cylinder and no heater was need.    The cathode 
was activated by heating it In a hell Jar to break down the carbonates. 

Zt was then rentoved iron the bell jar and placed in the tube.   Vben the 

tube vas first tested, it gave off «era gae    for e few heure than did 

e tube with a beryllium copper cathode but then eettled down to operate 

at the same low pressure.   The current drawn from the oxide cathode was 

eobetantially the eame aa that from a beryllium copper cathode as shown 

in the curves of Figure 12 Of the second quarterly report.    The next 

step will be to Incorporate such a cathode io the X-band tubes. 

We can show the factors that the vaslaun current boundary 
depends on by the following procedure.   The ratio of hub thickness to 
the aaode-to-cathode spacing is given by 

or 

*.-*  Z. 
d      J-+l I" V V o o 

V 
4 «^ tp     approximately 

(l) 

«here        y ■ the huh thickness 

d • the anode*to-cathode speetag 
V ■ the anode voltage 

t   ■ the ayachsoaene votta^a 
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The average charge density in the Mb ft fflffen ty 

p - ij «0 B2 (2) 

Zhe time for an eleetvra to complete a trajeetery leaving the cathode 

and later returning to the cathode la shown Ij Slater tc be ^roporttooal 
to l/»e for a striated solution of the hah «pace Chas*** Vo vlll «same 

thee the e£feete of RF represent a perturbation of ouch a trcjeetory CO 
that the same proportionality to i/o. vlll hold. From thle. we can c 
calculate that the current returning to the cathode «ill be proportional 
to «c tiaes the total charge In the hub. 

I^B^hrd^f) (3) 

«here   lr ■ the current returning to the eacbod« 
h ■ the cathode height 
r ■ the radius 
B ■ magnetic field 

The current eva.ilable. to be dram from the cathode antat be 6 time« 1 , 

where 5 is the eeeondary emlaaion ratio. Of thi« current (5 - i) 1 

is available to be dram to the anode while I must return to the cathode 

to naiatain the back bombardaent. Thus the current available to be 
drawn to the anode beeoaea 

1 ^ (6 - I) B3 h r d ^ (k) 

Using rot the synehroneus volecity M «T <*o obtain 

I ^ (ö - 1) B2 h r V0
l/fe (5) 

* Iwrofcs, tr *t V# ^ it prcpoctiocal to the characeeriafeic correct* 
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ttiut, ve come to the «oneluaion the «uucimoB «vtll^bttt eorraat it proper« 

Clonal to (ft - 1) time« th« Charaeterlstlc current.    Since all tube« of 
ft given class tend to operat« at tli« aam« ratio of enrreat to eharae« 

teristtc eusseot« the limitations Imposed ly « vaxlmua eorrent boundary 
are a fuocclea of (6 - 1) alone.   ▲ lev 6 «Ottld ba Just a« snieh of a 

problem In a tow frequency tube as i& a high fraqaeo^/ ont avett though 

the curroat density drawn tu tho fozaOT «M V&Kf walk lege. 
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9.0    CONCLUSIONS 

Ih% eo«clutlons to 1>e itavxt frw the work done this quartey are» 

1.    Crossed-field amplifiers CAR be eoostrocted with bandwldchs o£ 
8 to 12^ vlth the tube operating at eenseaat «node voltage,   ihe 

frequency reepOttse curve Is dettcalaed hy counteracting tendencies . 
of the rat« of field decay ewey from the anode sttr/ac« «ad the 

percentage of voltage «boy« the Bartree value.   A gain of 12 + 0.75 

db has been obtained with thl» type of Operations.    Cains of 1? db 

hava been obtained at spot point« without a simuleaneous Investiga- 
tion of the gein vs. frequency characteristic. 

2. The frequencies of smooth-bore or space charge modes are deter- 

mined by resonances of- the interaction space, not by any characteristic 
of the mode itself. 

3. Turn»off with a control electrode can be obtained vlth a geometry 

which is compatible with our usual techniques for deburchlng spokes 
in tbe drift region. 

4. A method of deteralnlng leakage current to the pole pieces has 

been worked out end «pplied to the SFO-20? tube.    The tarn« technique 
can later be applied to other tubes.    Tests bave shown that leakage 

current In the SPD-SOS le small and that space charge mode current 
goes across the Interaction space to the anode. 

5. A multlpactor effect In which electrons run along the «id«« o| 
the vanea Is responsible for «ttenuatlon effects observed when eh« 

Mgaetic field is close to the operating value.    Such multlpaeto* 
effects can be avoided by keeping the surfaces dean. 

€,   Arcing In a tube causes deactlwatlon of berylllun copper eaghodss» 
The deactlvatlon shows up as a maximum current boundary.   For caxraKs 
loss than the naxlnum» th« tub« operates apace charge limited and 

Operation Is Independent of cathode properties.   Vheo U« maxlmu» 
euvwentf 1« e«eeeded sbft current «ttd4eirty drops to a tow value« 

^ 
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7*   Secondary «flitting ertliode« can be mad« hy the normal teeh« 
Siiqu«« «aed for nagaetroat except that the heater It omitted.    * 
Zha cathode nay b« aetivatad la a ball jar and later placed to 
the tribe» 

6.    Cold tests o£ tha eomplete tTO-SOQ Mbe bare turned up no 
fvadamental problem«,   tfa vtll now proeeed to hot test ehe tuba. 
Sena resoaaace« in the tuba body have been found which «ill have 
to be «llmiaated ereatuelly but ehaacaa are that they vlll not 
latetfara with Initial hot testlag ae a elected points in the 
bead. 
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10.0   yROCMM TOR ma mxtt^ 

i.    Hot te«e th« 8FD-203 tub«. 

8.    Continue tests with the SFD-S02 »mootVliore tube for the purpose 
of better «nderstssdlng o£ tpaee ahasg« vodet. 

3.    Continue tests on control eleetrod« in the SFD-a02 tube. 

U.    Continue expertnents en the.tvo X-ban4 tubes«    incorporate 

oxide cathodes Into these tabes.   Compar« operation of forward end 

backward wave tubes.   See how swell gain eatt be obtained at eonseant 
voltage In the forward vave tube. 

5«   Initiate tests of seeondary emissieo of eathodes «sing a 
secondary emission tester. 

^T 
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